Kinetic Investigation of a Presumed Nitronate Monooxygenase from Pseudomonas aeruginosa PAO1 Establishes a New Class of NAD(P)H:Quinone Reductases.
PA0660 from Pseudomonas aeruginosa PAO1 is currently classified as a hypothetical nitronate monooxygenase (NMO), but no evidence at the transcript or protein level has been presented. In this study, PA0660 was purified and its biochemical and kinetic properties were characterized. Absorption spectroscopy and mass spectrometry demonstrated a tightly, noncovalently bound FMN in the active site of the enzyme. Analytical ultracentrifugation showed that the enzyme exists as a dimer in solution. Despite its annotation, PA0660 did not exhibit nitronate monooxygenase activity. The enzyme could be reduced with NADPH or NADH with a marked preference for NADPH, as indicated by ∼30-fold larger kcat/ Km and kred/ Kd values. Turnover could be sustained with NAD(P)H and quinones, DCPIP, and to a lesser extent molecular oxygen. However, PA0660 did not turn over with methyl red, consistent with a lack of azoreductase activity. The enzyme turned over through a ping-pong bi-bi steady-state kinetic mechanism with NADPH and 1,4-benzoquinone showing a kcat value of 90 s-1. The rate constant for flavin reduction with saturating NADPH was 360 s-1, whereas that for flavin oxidation with 1,4-benzoquinone was 270 s-1, consistent with both hydride transfers from the pyridine nucleotide to the flavin and from the flavin to 1,4-benzoquinone being partially rate-limiting for enzyme turnover. A BlastP search and a multiple-sequence alignment analysis of PA0660 highlighted the presence of six conserved motifs in >1000 open reading frames currently annotated as hypothetical NMOs. Our results suggest that PA0660 should be classified as an NAD(P)H:quinone reductase and serve as a paradigm enzyme for a new class of enzymes.